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TECHNICAL FIELD 

The present invention relates to an electromagnetic pump, and in more detail 
to a compact electromagnetic pump used to convey a fluid such as a gas or liquid. 

BACKGROUND ART 

A pumping action can be achieved for a gas or liquid by disposing a piston 
inside a cylindrical chamber so as to be free to move reciprocally, connecting the 
cylindrical chamber to the outside via an inlet/outlet valve, and reciprocally moving 
the piston. As examples of apparatuses that use this kind of pumping action, an 
apparatus constructed by attaching a magnet to a piston disposed inside a cylinder, 
disposing an electromagnetic coil around an outside of the cylinder and causing the 
electromagnetic force of the electromagnetic coil to act upon and reciprocally move 
the piston (see Japanese Laid-Open Utility Model No. H07-4875) and a pump 
apparatus where cylinders are constructed as double pipes and are disposed facing 
one another and joined as two stages (see Japanese Laid-Open Patent Publication No. 
H06- 159232) have been proposed. 

Conventional apparatuses where an electromagnetic force acts from outside a 
cylindrical chamber upon a piston disposed inside the cylindrical chamber to 
reciprocally drive the piston are constructed so as to produce a pumping action by 
forming the cylinder in a long slim shape along the axial direction and providing the 
piston with a comparatively long stroke. Accordingly, when a small and slim pump 
apparatus is required, such as when a pump apparatus is used to cool a small-scale 
electronic appliance such as a notebook computer, there has been the problem that it is 
difficult to make the construction of a conventional pump apparatus compact. The 
reciprocal movement of the piston also tends to produce vibration and noise when the 
pump apparatus is driven, which is problematic for electronic appliances and the like 
where there are demands for reductions in vibration and quiet operation. 
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The present invention was conceived in view of the problems described 
above and it is an object of the present invention to provide an electromagnetic pump 
that can be eflFectively made smaller and slimmer, that has reduced vibration during 
operation, and can be favorably installed in electronic appliances and the like. 

DISCLOSURE OF THE INVENTION 

To achieve the object stated above, an electromagnetic pump is constructed 
so that a plunger, which includes a magnetic body, is provided so as to be free to slide 
inside a cylinder that is sealed at both end surfaces thereof by a pair of frames with 
spaces between the plunger and the end surfaces of the respective frames as pump 
chambers, air-core electromagnetic coils are disposed around an outer circumference 
of the cylinder, and a fluid is conveyed by passing a current through the 
electromagnetic coils to reciprocally move the plunger in an axial direction of the 
cylinder, wherein intake valves and outflow valves that connect the pump chambers 
and the outside are provided inside regions of the frames at the end surfaces of the 
cylinder. 

According to the electromagnetic pump according to the present invention, a 
pump apparatus that produces a pumping action for a gas or a liquid can be produced 
in an extremely small and slim form and a precise pumping action can be produced, 
and therefore the electromagnetic pump can be favorably used as a cooling pump 
apparatus for an electronic appliance or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a cross-sectional view showing the construction of an 
electromagnetic pump according to the present invention; 

FIG 2 is a perspective view showing the construction of a plunger of the 
electromagnetic pump; 

FIG 3 is a cross-sectional view showing the construction of a plunger with a 
multistage construction; and 



2 



0 

t 

FIGS. 4A and 4B are diagrams useful in explaining examples where 
through-holes are provided in an outer yoke as connecting pipes. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Preferred embodiments of the present invention will now be described in 
detail with reference to the attached drawings. 

FIG 1 is a cross-sectional view showing the construction of an 
electromagnetic pump according to the present invention. 

The electromagnetic pump according to the present embodiment is 
constructed by disposing a plunger, which includes a magnet (a permanent magnet), 
inside a cylinder in the form of a tube so as to be able to slide in the axial direction of 
the cylinder and causing the electromagnetic force of an electromagnetic coil 
disposed around the outside of the cylinder to act upon the plunger, thereby causing 
the plunger to reciprocally move back and forth and produce a pumping action. 

In FIG 1, reference numeral 10 designates a plunger disposed so as to be 
able to move reciprocally in the axial direction of the cylinder. 

The plunger 10 is composed of a magnet 12 formed in a disc-like shape and 
a pair of inner yokes 14a, 14b that sandwich the magnet 12 in the thickness direction. 
The magnet 12 is a permanent magnet that is magnetized in the thickness direction 
thereof with a north pole on one surface and a south pole on the other surface. The 
inner yokes 14a, 14b are formed of a soft magnetic material and the inner yokes 14a, 
14b respectively include a plate-like portion 15a that is formed with a slightly larger 
diameter than the magnet 12 and a flange portion 15b that is in the shape of a short 
tube erected on a circumferential edge portion of the plate-like portion 1 5a. 

Reference numeral 16 designates a sealing member composed of a 
non-magnetic material such as plastic that covers an outer circumferential surface of 
the magnet 12. The sealing member 16 prevents an outer portion of the magnet 12 
from being exposed and therefore prevents the magnet 12 from rusting, and also 
combines the magnet 12 and the inner yokes 14a, 14b into a single body. The 
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sealing member 16 is provided so as to cover the outer circumferential surface of the 
magnet 12 between the inner yokes 14a, 14b, but the outer circumferential diameter 
of the sealing member 16 is formed slightly smaller than the outer circumferential 
diameter of the inner yokes 14a, 14b. By forming the sealing member 16 in this way, 
there is the advantage that when the outer circumferential surfaces of the inner yokes 
14a, 14b are ground as a finishing process, the process can be carried out without the 
sealing member 16 contacting and damaging the grinding blade, and also the 
advantage that when the coefficient of thermal expansion of the sealing member 16 is 
higher than the coefficient of thermal expansion of the inner yokes 14a, 14b, it is 
possible to prevent the gap between the plunger 10 and the cylinder narrowing or 
disappearing when the pump is used at high temperature due to thermal expansion of 
the sealing member 16, thereby enabling the pump to operate stably. 

FIG 2 is a perspective view showing a state where the plunger is formed as a 
cylindrical body by sandwiching the magnet 12 between the inner yokes 14a, 14b and 
integrating these components using the sealing member 16. Since the inner yokes 
14a, 14b are formed with the flange portions 15b erected on the respective 
circumferential edge portions thereof, concave parts 10a are formed on both end 
surfaces of the plunger 10 in the axial direction. With the electromagnetic pump 
according to the present embodiment, by providing the concave parts 10a on both end 
surfaces of the plunger 10, it is possible to form the electromagnetic pump in a slim 
form, and the reciprocating operation of the plunger 10 can be carried out exactly due 
to the action of the flange portions 1 5b. 

The plunger 10 moves reciprocally inside a cylinder, but in the present 
embodiment, the plunger 10 is disposed inside a tube-like cylinder formed by 
assembling a pair of frames. 

In FIG 1, reference numerals 20a and 20b designate a pair of frames 
composed of a non-magnetic material that form the cylinder, with 20a designating the 
upper frame and 20b designating the lower frame. In the present embodiment, a 
tube-like portion 24 in a tube-like shape extends from a main body 22b of the lower 
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frame 20b and an end portion of the tube-like portion 24 engages an engaging groove 
28 provided in a main body 22a of the upper frame 20a, thereby constructing the 
cylinder that houses the plunger 10. A sealing member 29 is provided at a position 
where an end surface of the tube-like portion 24 contacts the engaging groove 28 and 
by pushing the end surface of the tube-like portion 24 against the sealing member 29, 
the inside of the cylinder is sealed from the outside. It should be noted that it is also 
possible to have the tube-like portion 24 extend from the upper frame 20a and engage 
the lower frame 20b. The tube-like portion 24 may also be formed as a separate 
component to the upper frame 20a and the lower frame 20b. 

In this way, both end surfaces of the cylinder formed by combining the upper 
frame 20a and the lower frame 20b are closed by the main body 22a of the upper 
frame 20a and the main body 22b of the lower frame 20b to form pump chambers 
30a, 30b at the respective end surfaces of the plunger 10. 

It should be noted that the plunger 10 slides in contact with the inner surface 
of the tube-like portion 24 in a state where the gap between the plunger 10 and the 
tube-like portion 24 is sealed airtight or liquid-tight. To make the plunger 10 slide 
favorably, a coating with both a lubricating and a rustproofing effect, such as a 
fluoride resin coating or a DLC (diamond-like carbon) coating, is applied to the outer 
circumferential surfaces of the inner yokes 14a, 14b. In addition, a detent that 
prevents rotation of the plunger 10 in the circumferential direction may also be 
provided. 

The pump chambers 30a, 30b correspond to gap parts between both end 
surfaces of the plunger 10 and respectively the main body 22a of the upper frame 20a 
and the main body 22b of the lower frame 20b. 

In the present embodiment, the main body 22a of the upper frame 20a is 
formed so as to protrude inside the concave part 10a formed in one end surface of the 
plunger 10, and in the same way, the main body 22b of the lower frame 20b is formed 
so as to protrude inside the concave part 10a formed in the other end surface of the 
plunger 10, and therefore the pump chambers 30a, 30b are formed as cavities that are 
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curved in cross-section. 

Reference numeral 32 designates dampers attached to the end surfaces of the 
main bodies 22a, 22b. The dampers 32 are provided to absorb shocks when the 
inner yokes 14a, 14b strike the end surfaces of the main bodies 22a, 22b at end 
positions of the range of motion of the plunger 10. It should be noted that the 
dampers may be provided not on the end surfaces of the main bodies 22a, 22b but on 
the end surfaces of the inner yokes 14a, 14b that strike the main bodies 22a, 22b. 

Reference numeral 34a designates an intake valve that is provided inside the 
main body 22a of the upper frame 20a so as to pass through to the pump chamber 30a, 
while reference numeral 36a designates an outflow valve that is provided inside the 
main body 22a so as to pass through to the pump chamber 30a. Reference numeral 
34b designates an intake valve that is provided inside the main body 22b of the lower 
frame 20b so as to pass through to the pump chamber 30b, while reference numeral 
36b designates an outflow valve that is provided inside the main body 22b so as to 
pass through to the pump chamber 30b. 

In the present embodiment, by providing the intake valves 34a, 34b and the 
outflow valves 36a, 36b inside the main bodies 22a, 22b that protrude inside the 
concave parts 10a of the plunger 10, the intake valves 34a, 34b and the outflow valves 
36a, 36b can be housed within the length of the cylinder, and therefore the pump 
apparatus can be made slimmer. 

Reference numerals 38a, 38b designate intake channels that are provided in 
the upper frame 20a and the lower frame 20b and pass through to the intake valves 
34a, 34b. Reference numerals 40a, 40b designate outflow channels that are provided 
in the upper frame 20a and the lower frame 20b and pass through to the outflow 
valves 36a, 36b. 

Reference numeral 42 designates a connecting tube that connects the intake 
channel 38a of the upper frame 20a and the intake channel 38b of the lower frame 
20b and reference numeral 44 designates a connecting tube that connects the outflow 
channel 40a of the upper frame 20a and the outflow channel 40b of the lower frame 
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20b. By doing so, the respective intake channels and outflow channels of the upper 
frame 20a and the lower frame 20b are connected to a single inlet 38 and a single 
outlet 40. It should be noted that the connecting tubes 42, 44 may be formed as 
shown in FIGS. 4A and 4B as through-holes in an outer yoke 52, with the intake 
channels and the outflow channels being connected via such through-holes. 

In FIG 1, reference numerals 50a, 50b designate air-core electromagnetic 
coils that are disposed so as to surround the outer circumference of the tube-like 
portion 24, that is, the cylinder. The electromagnetic coils 50a, 50b are disposed 
slightly apart in the axial direction of the cylinder and at equal positions with respect 
to a center position in the axial direction. The electromagnetic coils 50a, 50b are set 
so that the lengths in the axial direction are longer than the respective ranges of 
motion of the flange portions 15b of the inner yokes 14a, 14b. 

It should be noted that the respective winding directions of the 
electromagnetic coils 50a, 50b are opposite directions, and by supplying electricity 
from a single power source, currents are set so as to flow in opposite directions. The 
reason that the electromagnetic coils 50a, 50b are wound in opposite directions is that 
the forces that act on the currents flowing in the electromagnetic coils 50a, 50b that 
are interlinked with the magnetic flux of the magnet 12 are superimposed. These 
forces act as a reactive force upon the plunger 10 and so produce thrust. 

Reference numeral 52 designates an outer yoke that is made of a soft 
magnetic material, formed in a tube-like shape, and surrounds the outer circumference 
of the electromagnetic coils 50a, 50b. By surrounding the outer circumference of the 
electromagnetic coils 50a, 50b with the outer yoke 52, the electromagnetic force can 
be made to effectively act on the plunger 10. 

By providing the flange portions 15b so as to be erected at the edge portions 
of the inner yokes 14a, 14b that construct the plunger 10, resistance in the magnetic 
circuit of the magnet 12 is reduced, thereby increasing the total magnetic flux 
generated by the magnet 12. In addition, the magnetic flux generated by the magnet 
12 becomes interlinked at right angles to the currents flowing in the electromagnetic 
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coils 50a, 50b with respect to the axial direction, so that thrust is effectively generated 
in the axial direction. By using this construction, the mass of the plunger 10 is 
reduced with respect to the generated thrust, and therefore high-speed response 
becomes possible and the output flow can also be increased. 

When the electromagnetic coils 50a, 50b and the outer yoke 52 are 
assembled with the upper frame 20a and the lower frame 20b, by causing the outer 
yoke 52 to engage the engaging grooves 28 provided in the upper frame 20a and the 
lower frame 20b, the electromagnetic coils 50a, 50b and the outer yoke 52 can be 
coaxially attached to the cylinder (the tube-like portion 24). FIG 2 shows the 
arrangement of the plunger 10, the electromagnetic coils 50a, 50b and the outer yoke 
52. 

By passing an alternating current through the electromagnetic coils 50a, 50b, 
the plunger 10 is moved reciprocally (up and down) by the action of the 
electromagnetic force generated by the electromagnetic coils 50a, 50b. The 
electromagnetic force generated by the electromagnetic coils 50a, 50b presses the 
plunger 10 in one direction or another according to the direction of the current 
flowing through the electromagnetic coils 50a, 50b, and therefore by controlling the 
current-supplying time and current-supplying direction for the electromagnetic coils 
50a, 50b using a control apparatus, it is possible to reciprocally drive the plunger 10 
with an appropriate stroke. By reciprocally moving the plunger 10 so that the end 
surfaces of the inner yokes 14a, 14b of the plunger 10 do not strike the end surfaces of 
the main body 22a of the upper frame 20a and the main body 22b of the lower frame 
20b, respectively, the generation of vibration by the apparatus can be suppressed. 
When the plunger 10 does contact the inner surfaces of the main bodies 22a, 22b, the 
shock can be absorbed by the action of the dampers 32. 

It should be noted that it is also possible to provide a sensor that detects a 
movement position of the plunger 10 inside the cylinder and to control the reciprocal 
movement of the plunger 10 based on a detection signal of such sensor. As the 
method of detecting the movement position of the plunger 10, it is possible to use a 
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method that provides a magnetism detecting sensor that detects the movement 
position of the plunger 10 outside the cylinder and a method that provides pressure 
sensors on the dampers 32 and detects the point when the plunger 10 contacts the 
dampers 32. In the electromagnetic pump according to the present embodiment, the 
movement stroke of the plunger 10 is comparatively short but the pump chambers 
30a, 30b can be made comparatively wide, and therefore by reciprocally moving the 
plunger 10 at high speed, a regular amount of flow can be achieved. 

With the pumping action of the electromagnetic pump according to the 
present embodiment, the plunger 10 is caused to move reciprocally by the 
electromagnetic coils 50a, 50b so that fluid is taken into and expelled from the pump 
chambers 30a, 30b alternately. 

That is, when the plunger 10 moves downward in the state shown in FIG 1, 
fluid is taken into one of the pump chambers 30a and at the same time fluid is 
expelled from the other pump chamber 30b. Conversely, when the plunger 10 
moves upward, fluid is expelled from the pump chamber 30a and at the same time 
fluid is taken into the other pump chamber 30b. In this way, when the plunger 10 
moves to either side, fluid is taken in and expelled, surges in the fluid are suppressed, 
and fluid can be effectively conveyed. 

In the electromagnetic pump according to the present embodiment, the inner 
yokes 14a, 14b that have the flange portions 15b are attached to the plunger 10 and 
the intake valves 34a, 34b and the outflow valves 36a, 36b are provided near both end 
surfaces of the plunger 10, and therefore the pump can be provided as a small and 
extremely slim pump. With the electromagnetic pump according to the present 
embodiment, it is possible to form a small pump that is around 15mm high and 20mm 
wide. 

The electromagnetic pump according to the present embodiment can be used 
to convey a gas or liquid, with there being no limit on the type of fluid. When the 
electromagnetic pump is used as a liquid pump, if the conveying pressure of a single 
plunger 10 is insufficient, as shown in FIG 3, a multistage plunger 10 where a 
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plurality of unitary plungers of the same shape are respectively composed of a magnet 
12 and inner yokes 14a, 14b may be used. Reference numeral 54 designates a 
non-magnetic material disposed between the inner yokes 14a, 14b. The orientations 
of the magnetic poles of the magnets 12 are aligned in the same direction and 
electromagnetic coils 50a, 50b are disposed separately for each unitary plunger with 
respectively opposite winding directions in the same way as in the embodiment 
described above. Reference numeral 52 designates the outer yoke provided so as to 
surround the outer circumferences of all of the electromagnetic coils 50a, 50b. By 
connecting unitary plungers in a plurality of stages, it is possible to produce a plunger 
with large thrust, and therefore an electromagnetic pump with the required conveying 
pressure can be produced. 

It should be noted that in the present embodiment described above, although 
the flange portions 15b are provided on the inner yokes 14a, 14b attached to the 
plunger 10, it is also possible to form the inner yokes 14a, 14b as single plates without 
providing the flange portions 15b on the inner yokes 14a, 14b. Since the mass of the 
plunger 10 increases in this case, there is some deterioration in the high-speed 
response characteristics and producing the pump apparatus in a slim form is 
somewhat hindered, but the construction is simplified, and therefore it is possible to 
improve the productivity and reduce the manufacturing cost. 

Also, although a construction where the plunger 10 includes the magnet 12 
that is sandwiched by the inner yokes 14a, 14b is used in the present embodiment, the 
plunger 10 does not always need to be provided with the magnet 12. If the plunger 
10 is formed of a magnetic material, when the plunger 10 is displaced toward one of 
the electromagnetic coils 50a, 50b, a current can be passed through only that 
electromagnetic coil to cause the plunger 10 to move in the axial direction, and when 
the plunger 10 has moved to a position displaced toward the other electromagnetic 
coil, a current can be passed through the other electromagnetic coil and the supplying 
of current to the first electromagnetic coil stopped to cause the plunger 10 to move 
again in the opposite direction. In this way, by performing ON-OFF control of the 
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supplying of current through a pair of electromagnetic coils, it is possible to 
reciprocally move the plunger 10 in the axial direction. 

In addition, although the electromagnetic pump shown in FIG 1 is an 
example where the intake channels 38a, 38b provided on both sides of the plunger 10 
are connected and the outflow channels 40a, 40b provided on both sides of the 
plunger 10 are connected, or in other words, an example where the channels are 
connected in parallel, it is possible to use a construction where the channels of a 
plurality of electromagnetic pumps are connected in series. In this case, the outflow 
channel 40a may be connected to the intake channel 38b or the outflow channel 40b 
may be connected to the intake channel 38a. 
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